children's hospital. Clinical and demographic information was extracted from the medical chart by retrospective chart review. All patients who were included in the analysis were seen by a pediatric infectious disease specialist during their hospitalization and received a diagnosis of KD. In addition, all charts were retrospectively reviewed independently by 3 infectious disease specialists who concurred with the diagnoses of KD. Subsequently, KD cases were classified as complete or incomplete KD on the basis of published standard clinical criteria. 2 Case patients were defined as patients who had a discharge diagnosis of KD in their medical chart and who were admitted to the ICU at any time during their initial admission to the hospital. Case patients were excluded when they had positive bacterial cultures from a normally sterile site (blood, urine, or cerebrospinal fluid [CSF] ), evidence of focal staphylococcal or streptococcal disease with potential for toxin production (eg, severe sinusitis, pneumonia, cellulitis), or evidence of an alternative diagnosis for their presentation.
Control subjects were defined as patients who had a diagnosis of KD but who were never admitted to the ICU. Three control subjects were chosen for each case patient and matched to the case by date of admission (Ϯ3 weeks). Date of admission was chosen as the matching factor to control for the possibility of variations in circulating strains of a potential "Kawasaki" infectious agent. Medical charts of case patients and control subjects were reviewed by using a standardized form to collect demographic data, clinical information, and laboratory test results. Day 1 of illness was defined as the first day of fever. Intravenous globulin (IVIG)-refractory disease was defined as persistence or recrudescence of fever Ն48 hours after completion of IVIG infusion. For patients who had echocardiograms performed before the institution of routine calculation of z scores, a pediatric cardiologist retrospectively calculated a z score on the basis of coronary artery diameter measurements that were obtained at the time of the original study.
Two-tailed Student's t test was used to test for significant differences in the means of continuous variables. Wilcoxon rank-sum test was used for comparing medians in skewed continuous variables. Proportions were compared using Fisher's exact test. Analyses were conducted by using SAS 9.1.3 (SAS Institute, Inc, Cary, NC). Use of clinical data was approved by the Colorado Multiple Institutional Review Board.
RESULTS
Between January 1995 and December 2007, a total of 423 patients were admitted with a discharge diagnosis of KD. Eighteen (4.3%) of these patients were admitted to the ICU sometime during their hospitalization. Fourteen of these patients met criteria for inclusion in the study. Three patients were excluded because they were admitted to the ICU on a subsequent admission that occurred after their initial diagnosis and treatment for KD. One of these patients was admitted to the ICU after an endomyocardial biopsy, and 2 patients were admitted to the ICU with myocardial infarctions within 1 month of their initial discharge. A fourth patient was excluded because subsequently a diagnosis of juvenile rheumatoid arthritis was made. This diagnosis was based on chart review, normal echocardiograms, rheumatology consultation, and response to steroids. All 14 patients who were admitted to the ICU were initially evaluated by a board-certified pediatric emergency department physician at our institution. Ten (71%) of these 14 patients were directly admitted to the ICU. The 4 remaining patients were admitted initially to the floor and then transferred to the ICU as a result of deteriorating clinical status. Two of these 4 patients had KD as a leading admitting diagnosis. The other 2 patients had leading diagnoses of viral pneumonitis and severe abdominal pain, respectively. The percentage of patients who had KD and were admitted to the ICU ranged from 0% to 10% per year and did not significantly increase or decrease during the course of the 12-year study.
The demographic characteristics of the case patients and control subjects are shown in Table 1 . There were no differences in age between groups even when stratified according to ages of Ͻ1 or Ͼ6 years.
The clinical characteristics of the case patients and control subjects at time of presentation to the hospital are shown in Table 2 . Patients who were admitted to the ICU presented a median of 2.5 days earlier in the course of their illness than control patients with KD (P ϭ .01).
The majority of ICU and control patients had complete KD, at both time of admission and time of diagnosis. There was no significant difference noted in individual clinical features at time of presentation (eg, rash, lymphadenopathy, conjunctivitis) between case patients and control subjects; however, ICU patients (29%) were less likely to have an admitting diagnosis of KD compared with control subjects (90%; P Ͻ .0001). Eleven (78%) of the 14 patients were admitted to the ICU secondary to hypotension; 10 of these 11 patients required ionotropic support. These patients had a presumptive diagnosis of either toxic shock or septic shock. Two patients were admitted to the ICU because of altered mental status, apnea, and CSF pleocytosis with meningitis. One patient was admitted to the ICU because of a gastrointestinal bleed presumably as a result of mesenteric vasculitis. Patients who were admitted to the ICU were significantly more likely to have fluid-refractory hypotension or gallop (P Ͻ .05). Laboratory values for ICU patients and control subjects are shown in Table 3 . At the time of presentation, patients who were admitted to the ICU had a significantly greater percentage of band counts (P Ͻ .001), lower platelet counts (P ϭ .001), and lower serum albumin levels (P ϭ .02). In addition, ICU patients had C-reactive protein (CRP) levels that were on average more than twice those of control patients (P Ͻ .001). These laboratory values remained significant when looked at over the entire course of the hospital admission. Because of the small number of case patients in our data set, we did not have enough power to conduct a highly informative multivariate analysis. Nevertheless, a binary logistic regression analysis showed that a high percentage of band count and low serum albumin levels were independently correlated with a higher likelihood of admission to the ICU (data not shown). Six (43%) of the ICU patients and 3 (7%) of the control patients had a lumbar puncture performed as part of their initial workup because of concerns for meningitis. Of these, 5 (83%) of the 6 ICU patients and 1 (33%) of the 3 control patients who had a lumbar puncture performed had evidence of CSF pleocytosis (P ϭ .13). On admission, 10 (71%) of the 14 ICU patients had hyponatremia (sodium Ͻ 135 mmol/L); 6 (43%) had metabolic acidosis (bicarbonate Ͻ 18 mmol/L); 5 (36%) had evidence of acute renal insufficiency with a creatinine level of Ͼ1.0 mg/ dL, with 1 patient requiring renal dialysis; and 6 (43%) had evidence of coagulopathy. Unfortunately, these laboratory tests were not performed on the majority of the control patients; therefore, a comparison for significance could not be made.
The clinical outcomes of ICU patients versus control patients are shown in Tables 4 and 5 . The median length of stay was 5 days longer for ICU patients compared with control subjects (P Ͻ .001). Patients who were admitted to the ICU were treated with IVIG and high-dose aspirin .27
The most abnormal echocardiogram outcome noted in 3 months after onset of illness.
a median of 2 days later than control subjects from time of their admission to the hospital (P ϭ .002). Nine (64%) of the 14 ICU patients and 2 (5%) of the 42 control patients had IVIG-refractory disease and required a second therapeutic intervention (P Ͻ .001), consisting of a second dose of IVIG, infliximab, and/or steroids. All patients had a minimum of 3 echocardiograms performed. The mean ejection fraction of the patients who were admitted to the ICU was 67% (range: 58%-75%; normal: Ͼ55%). Only 3 patients, however, had measurements obtained before the administration of IVIG. On qualitative reading of the echocardiogram by a pediatric cardiologist, coronary artery abnormalities (dilatation, ectasia, or aneurysm) were noted on 6 (43%) of 14 ICU patients and 8 (19%) of 42 control patients (P ϭ .09); 4 (29%) of the 14 ICU patients compared with 3 (7%) of the 42 control patients had coronary artery aneurysms (P ϭ .06; Table 5 ). On quantitative analysis, 7 (50%) of the ICU patients and 19 (45%) of the control patients had coronary artery z scores Ն2.0 (P ϭ .5). For patients who had coronary artery involvement, there was a trend toward patients who were admitted to the ICU to have higher z scores, but this did not reach statistical significance (Table 5) .
DISCUSSION
Because there is no diagnostic test or pathognomonic clinical feature of KD, clinicians must maintain a high index of suspicion for KD in febrile patients who present with known clinical features of KD. Diagnosis and treatment of patients with KD depends on an awareness of the full spectrum of the disease presentation. It is now becoming recognized that a large number of patients with KD present without fulfilling full clinical criteria (ie, incomplete KD), and up to 20% of patients who are treated for KD have incomplete cases. [1] [2] [3] [4] We previously reported that delay in diagnosis was primarily related to a dispersion of symptoms over a longer period of time. 5 Several researchers have noted that febrile infants who are younger than 6 months and have KD often present with incomplete criteria and are delayed in receiving a diagnosis because of physicians' failing to consider the diagnosis in this group of patients. [5] [6] [7] [8] Several authors have described isolated cases of infants and children who had features of toxic shock syndrome and ultimately had a diagnosis of KD. [9] [10] [11] Here we report a case-control study of a series of patients who had KD and were admitted to the ICU. This report adds to the expanding spectrum of clinical presentations of children with KD. During a 12-year period, 14 patients with KD at our institution were admitted to the ICU primarily because of hypotension and shock. Despite the fact that the majority of these patients met clinical criteria for KD, KD was not the leading diagnosis in these patients, presumably because of the failure to consider KD in patients who present with hypotension that requires ionotropic support and admission to the ICU. This led to a delay in diagnosis and treatment from their time of presentation to the hospital compared with patients who were not admitted to the ICU.
The cause of severe hypotension in patients with KD is unknown. It is likely multifactorial, and possible explanations include vasculitis with ongoing capillary leak, myocardial dysfunction, and cytokine dysregulation. Recently, there has been considerable effort and interest in trying to define predictors for IVIG-refractory disease at initial presentation in patients with KD. [12] [13] [14] [15] We found that two thirds of the patients who had KD and were admitted to the ICU had IVIG-refractory disease compared with only 5% of control patients, indicating that admission to the ICU may be an independent predictor of IVIG-refractory disease.
Similar to studies that examined predictors of IVIGresistant disease, patients who were admitted to the ICU (our "high-risk" group) were more likely to have a very elevated CRP level (double that of control patients) and lower platelet counts. In contrast to other studies, ICU patients had a higher percentage of band count and lower serum albumin levels than control subjects but did not have any significant difference in other hepatic function tests. It is interesting that age was not associated with ICU admission. Female gender, however, was strongly associated with ICU admission. KD is more commonly a disease of males, 1 but female gender has not previously been reported to be associated with more severe disease. The reason for this finding is unclear but merits additional investigation.
As demonstrated by other researchers, 16, 17 our data highlight the need for quantitative analysis of coronary artery disease (z scores) in children with KD, because we found a substantial discrepancy between qualitative and quantitative readings of echocardiograms. We found no difference in the percentage of children who had KD and had coronary artery involvement between those who were admitted to the ICU versus the floor; however, for children who had coronary artery disease, there seemed to be a trend toward those who were admitted to the ICU to have more severe coronary artery involvement/dilation compared with those who were admitted to the floor. Possibly because of our small numbers, this trend did not reach statistical significance. If in fact more severe coronary artery involvement in patients who have KD and are admitted to the ICU is shown by other researchers, then the reasons for having more severe coronary involvement could be related to a more fulminant disease presentation, higher degree of inflammation present (as evidenced by markedly higher CRP levels), and/or a greater degree of myocarditis as evidenced by their presentation in shock. This finding is of importance because these children may be at increased risk for more serious cardiac complications, and diagnosing and treating them promptly may aid in decreasing this risk.
CONCLUSIONS
We present the first case-control study in the English literature of patients who had KD and presented severely ill in shock and required admission to the ICU. These patients frequently received a misdiagnosis because of failure to appreciate the full spectrum of disease severity that is seen in patients with KD. These patients were often mistaken for having toxic or septic shock, leading to a delay in treatment with IVIG. Patients who
